ABSTRACT. Buford, T.W., S.J. Rossi, D.B. Smith, and A.J. Warren. A comparison of periodization models during nine weeks with equated volume and intensity for strength. J. Strength Cond. Res. 21(4):1245Res. 21(4): -1250Res. 21(4): . 2007.-The purpose of the present investigation was to determine if significant differences exist among 3 different periodization programs in eliciting changes in strength. Twenty-eight recreationally trained college-aged volunteers (mean Ϯ SD; 22.29 Ϯ 3.98) of both genders were tested for bench press, leg press, body fat percentage, chest circumference, and thigh circumference during initial testing. After initial testing, subjects were randomly assigned to 1 of 3 training groups: (a) linear periodization (n ϭ 9), (b) daily undulating periodization (n ϭ 10), or (c) weekly undulating periodization (n ϭ 9). The training regimen for each group consisted of a 9-week, 3-day-per-week program. Training loads were assigned as heavy (90%, 4 repetition maximum [4RM]), medium (85%, 6RM), or light (80%, 8RM) for bench press and leg press exercises. Subjects were familiarized with the CR-10 rated perceived exertion scale and instructed to achieve an 8 or 9 on the final repetition of each set for all other exercises. Subjects were then retested after 4 weeks of training. Training loads were then adjusted according to the new 1RM. Subjects were then retested after 5 more weeks of exercise. For all subjects, significant (p Ͻ 0.05) increases in bench press and leg press strength were demonstrated at all time points (T1-T3). No significant differences (p Ͼ 0.05) were observed between groups for bench press, leg press, body fat percentage, chest circumference, or thigh circumference at all time points. These results indicate that no separation based on periodization model is seen in early-phase training.
INTRODUCTION

D
etermining the optimal resistance training program is an on-going process for athletes, athletic coaches, strength coaches, and personal trainers alike. It is important for these professionals to find a training advantage over their competitors. Manipulating training variables in the most effective manner to increase strength can be a daunting task. One concept now generally held is that some form of periodization is needed for maximal strength gains to occur (5, 6, 14, 17, 18, 21, 24, 26) , although data to the contrary do exist (2, 23) .
Periodization is the planned manipulation of training variables in order to maximize training adaptations and to prevent the onset of overtraining syndrome. Although other models exist, 2 primary models of periodization have been primarily examined in the literature. The first is the ''classic,'' or linear, model first created by Russian scientist Leo Matveyev and adapted by Stone and colleagues (24) to add an additional transition period during the training year. This model is based on changing exercise volume and intensity across several mesocycles. The other primary model is the undulating model first proposed by Charles Poliquin (20) . Undulating periodization is based on the idea that volume and intensity are altered more frequently (daily, weekly, or biweekly) in order to give the neuromuscular system more frequent periods of recovery.
Most previous research has only studied the differences in periodized and nonperiodized programs. Fewer investigations comparing specific models of periodization exist in the literature. Because varying models of periodization exist, it seems prudent to examine these protocols to determine if any one of these methods is more effective at eliciting strength gains than others. To our knowledge, only 2 studies have directly compared the effectiveness of linear and undulating periodized programs specifically for increasing muscular strength. Baker and colleagues (2) compared linear periodization (LP), undulating periodization, and a nonperiodized model for 12 weeks and found no significant differences between groups for 1 repetition maximum (1RM) squat, 1RM bench press, or vertical jump. The undulating model used by Baker varied the intensity and volume on a biweekly basis. Although no significant differences were found between groups, the undulating model did show greater percentage increases in strength than the other protocols.
Rhea and colleagues (22) conducted an investigation directly comparing LP and daily undulating periodization (DUP) in recreationally trained lifters from college weight-training classes. They equated volume and intensity for all subjects in order to attribute differences between groups directly to the program design. They reported the DUP group to experience significantly greater percent gains in strength for both exercises and significantly greater absolute gains for the leg press during 12 weeks. Absolute differences for bench press did not reach significance at any time.
To our knowledge, no previous studies had examined an undulating model varying volume and intensity on a weekly basis or directly comparing linear and undulating models. The primary purpose of this study was to determine if there is a significant difference in the ability to produce strength gains among 3 periodization models in recreationally trained subjects.
METHODS
Experimental Approach to the Problem
We wished to add to the findings of Rhea and colleagues (22) by adding a weekly undulating periodization (WUP) group in an investigation using collegiate weight-training classes as a subject pool. To our knowledge, this is the first study to compare LP, DUP, and WUP. Total volume and intensity were equated for all groups throughout the training period. Equating these variables allowed us to attribute differences in strength gains or body fat losses to program design only and not to higher levels of volume or intensity. Maximal bench press and leg press measurements allow for a proper measurement of upper-and lower-body strength in a recreational weightlifting population because little skill is required in performing these exercises. Skinfold measurements and anthropometric measures were taken to examine any changes in body composition that may reflect whether strength gains were attributable to hypertrophy or neural factors. Rated perceived exertion (RPE) was examined throughout the training program for 2 purposes: (a) to validate the use of a percentage of 1RM to determine training load because session RPE has been shown to be a valid instrument to quantify the intensity of resistance training (4, 9, 10, 16, 25) and (b) to determine if 1 workout structure would produce significantly lower RPE ratings because it has been theorized that significantly higher RPE values may be an indicator of impending overtraining syndrome (7).
Subjects
Twenty men and 10 women were recruited from college weight-training classes. Subjects were required to sign an informed consent form, which was approved by the Institutional Review Board before participation in the study. In addition, all subjects completed a medical history form that included prior history of strength training. All subjects completed 4 weeks of training (3 sessions per week) within the weight-training class before the beginning of the study. Subjects reported prior weight-training experience, but before the 4 weeks of training in class, all subjects had been in a detrained state (no consistent training in the previous 2 months). Subjects agreed to abstain from any additional resistance training during the course of the study. Subjects were informed that they must attend 90% of the training sessions to be included in the study. Three absences disqualified a participant from the study. Two subjects withdrew from the study for unrelated reasons. This resulted in a total of 28 subjects who completed the study. Subject characteristics are listed in Table 1 .
Testing
Subjects were tested pre-, mid-, and posttraining. Midtesting was conducted after week 4 of training. Testing consisted of body composition testing using skinfold calipers, thigh and chest circumference measurements, and 1RM testing on both bench press and leg press exercises. Body composition testing was performed with a 7-site skinfold test using Lange calipers. The 7 sites chosen for the test were pectoral, thigh, subscapular, suprailiac, abdominal, midaxillary, and triceps. Thigh and chest circumferences were taken using standard tape measurers. Thigh circumference was measured on the subject's dominant leg. Bench and leg press testing was done on standard free-weight stations. For 1RM testing, all subjects were required to warm up and perform light stretching before performing approximately 10RM with a light resistance for each exercise. The load was then increased to an amount estimated to be less than the subject's 1RM. The resistance was progressively increased until the subject could only perform 1RM. Before the first testing session, subjects were read, and given a copy of, a script to familiarize them with the Borg C-10 scale for determining RPE. A comparison of the C-10 to the traditional 15-point Borg RPE scale can be found in Table 2 . Each of the testing sessions was performed at the same time of day to account for diurnal changes in strength and followed the same number of days of rest. In addition, all tests were conducted by the same researcher during each of the 3 test dates to eliminate intertester variability. All subject training was supervised by the same individuals.
Training Protocol
After testing, men and women were separately randomly assigned to 3 training groups (LP [n ϭ 9], DUP [n ϭ 10], and WUP [n ϭ 9]) and began a 9-week resistance training program. This assignment maintained an equivalent distribution of women in each group. Subjects trained 3 days per week with a minimum of 48 hours in between sessions. Exercises performed are listed in Table 3 . The exercises performed each day were identical for each group. Training volume and training intensity were altered contrarily for each group but were equated over the course of the study. The numbers of repetitions performed per set are defined in Table 4 .
The Borg CR-10 scale was used to monitor subjects' perceived intensity of each exercise set and exercise session. After each set of exercise and 30 minutes after exercise, subjects were asked to give an RPE for the difficulty of each exercise set and training session. A rating of 0 on the RPE scale represents rest or no effort, and a rating of 10 represents maximal effort or most stressful effort performed. For bench press and leg press, a percentage of 1RM of the most recent testing session was figured to determine the resistance to be used for each training session (Table 3) . For all other exercises, subjects were instructed to achieve an RPE of 8 or 9 on the final repetition of each set.
Statistical Analyses
The statistical evaluation of the data was accomplished by using an analysis of variance (3 groups by 3 time points) with repeated measures. Tukey's posthoc tests were conducted as appropriate. Prior to analyses, a 1-way analysis of covariance (ANCOVA) was conducted for both leg press and bench. An alpha of 0.05 was used to determine significance for all analyses. All values were reported as mean Ϯ SD.
RESULTS
Test-retest intraclass correlations (R) were calculated for skinfold and circumference measurements. The R range for skinfold measurements was R ϭ 0.966-0.991. These correlations for each skinfold were R ϭ 0.966 (pectoral), R ϭ 0.983 (subscapular), R ϭ 0.986 (triceps), R ϭ 0.989 (thigh), R ϭ 0.991 (midaxillary), R ϭ 0.988 (suprailium), and R ϭ 0.980 (abdominal). The R values for the circumference measures were 0.994 (chest) and 0.980 (thigh).
The independent variable for the ANCOVAs was the periodization group, which included 3 levels: LP, DUP, and WUP. The dependent variables were the strength values for time point 3 (T3), and the covariates were the strength values from time point 1 (T1). For each exercise, a preliminary analysis evaluating the homogeneity-ofslopes assumption indicated that the relationship between the covariate and the dependent variable did not differ significantly as a function of the independent variable (bench F ϭ 1.54, p ϭ 0.24, 2 ϭ 0.11; leg press F ϭ 0.60, p ϭ 0.556, 2 ϭ 0.052). Neither ANCOVA was sig- nificant, indicating no initial covariate differences among adjusted means for either bench press or leg press (bench F ϭ 1.096, p ϭ 0.350; leg press F ϭ 0.755, p ϭ 0.481).
A histogram frequency analysis revealed all data to be normally distributed. No significant (p Ͼ 0.05) differences were observed between groups for any variables. Significant (p Ͻ 0.05) time effects were seen for bench press, leg press, chest circumference, thigh circumference, and body fat percentage. Significant (p Ͻ 0.05) increases in bench press and leg press strength were demonstrated at all time points (T1-T3). Body fat decreased, whereas thigh circumference increased significantly (p Ͻ 0.05) from T1 to T2 and from T1 to T3 with no significant change between the second 2 testing sessions. Chest circumference was significantly (p Ͻ 0.05) increased from T2 to T3. Tables 5 and 6 summarize the results of the statistical analyses by group. The differences in bench press and leg press 1RM by group can be seen in Figures 1 and 2 .
When bench press and leg press variables were assessed by gender, significant (p Ͻ 0.05) time effects were observed for all time points for each gender. For bench press, 19 and 32% increases from T1 to T3 were seen for men and women, respectively. In regard to leg press, men demonstrated an 80% increase over the course of the study, whereas women increased 108%. These results are summarized in Table 7 . The absolute changes for bench press and leg press by gender are summarized in Figures  3 and 4 . In addition, the individual subject response is presented in Figures 5 and 6 .
DISCUSSION
The purposes of this study were to determine the effectiveness of 3 periodization protocols for improving strength and to determine if any one of these is more effective than the others. Each of the 3 models proved effective in increasing bench press and leg press strength over the course of 9 weeks. In addition, these models were applied to both men and women, and strength gains were observed in both genders. Although statistically nonsignificant, the DUP group did produce lower percentage changes in bench press and leg press 1RM, as well as had an increase in RPE over the course of the 9 weeks.
In comparison to studies using only men, few resistance training studies have been conducted using women. Studies have demonstrated that women respond to resistance training and can experience strength gains (3, 12, 13, 15), yet few studies have directly examined the effect of periodization on women (12, 15) . Muscle fibers in both genders show the same characteristics and respond to training the same way; generally the only difference lies in the amount of resistance to be used (1, 5, 11) . As such, we found it prudent to include women in our research. To our knowledge, this is the first investigation to use women as subjects in comparison of multiple periodization models. Female subjects were extremely responsive to all models, showing mean increases of 32 and 108% for bench press and leg press, respectively, when groups were collapsed. Our small numbers of women in each group prevented us from statistically comparing the effects of each protocol on women. Analysis of the individual response Bench press 1 repetition maximum (RM) subject response.
FIGURE 6.
Leg press 1 repetition maximum (RM) subject response. shows no major conflicting effect of using the 2 genders. Further investigation is warranted to examine the specific effects of the protocols during all training durations on women.
The changes in body composition indicate that strength increases during those time points were not solely due to neural factors. Body fat was reduced while increases in chest and thigh circumference were observed. Hypertrophy was seen in greater amounts in the thigh muscles than for the chest region. Caution must be used in interpreting the chest circumference; however, no significant differences were seen from T1 to T3, yet significant differences were indicated from T2 to T3. The mean chest circumference for all subjects decreased from 94.53 to 93.73 cm from T1 to T2 and then increased to 95.48 cm at T3. Although the T2 to T3 was found to be significant, it may not be all that meaningful because a difference of less than 2 cm existed.
It is interesting to examine the mean session RPE ratings for each group. There were no significant differences in session RPE between groups. This could indicate no difference between the protocols in terms of reducing cumulative fatigue, but further research is warranted with extended training time or increased workloads. Therefore, in this particular study, the RPE readings are not of use in determining which protocol is more efficient at battling the effects of overtraining syndrome. However, it is interesting to note that the LP and WUP groups reported lower RPEs at the end of the 9 weeks than at the beginning, while the DUP group reported increased RPEs from T1 to T2 and T1 to T3. Although determining the effect of protocols on preventing overtraining syndrome is difficult with these data, RPE can be of significant use when working with a recreationally trained population. Keeping recreationally trained lifters motivated to continue to push through a difficult workout program may be more difficult than it would be for more advanced lifters. A program must be made that does not push recreational lifters too quickly so that they ''burn out'' and quit. If one model can significantly lower RPE in the early stages of training, it may benefit recreational lifters to a greater degree in the long term if they remain motivated through a difficult program.
Some might suggest that 0 weeks may be insufficient time to elicit major differences between the protocols. Ideally, a full macrocycle would be examined as periodization was first implemented in terms of year-long training to peak for 1 competition (17) . However, Rhea and colleagues (22) noted significant differences in strength gains in the first 6 weeks of training using bench and leg press exercises. In this study, DUP elicited greater percentage strength gains than LP, and an absolute difference occurred in the leg press. This may be because their subjects had been continuously training for 2 years. Further research is warranted on the optimal training duration of each of the periodized programs.
A recent investigation by Peterson and others (19) reports that the effort-to-benefit ratio varies among untrained, recreationally trained, and athletic populations.
Thus, optimizing the training effect cannot be achieved by using 1 model for all populations. Therefore, it is recommended that these methods be replicated with both untrained and athletic populations. Obtaining athletes as subjects could be somewhat of a challenge, however, because convincing a coach to allow players to train in a way in which some of them may receive inferior training may prove difficult. It could prove useful to acclimate all subjects to 1 protocol (for a period of 6 weeks, for example) and then change the protocol for the other 2 groups to see whether further adaptations occur. In addition, the use of more advanced lifters would allow for the use of a more advanced training program. For recreational lifters, we chose to use the bench and leg press exercises because they require little technical skill and we did not want strength differences to be affected by differences in skill ability at performing exercises. It may be that differences in periodization models are best exhibited in more advanced programs.
In conclusion, we found that 9 weeks of periodized weight training produced increases in strength in recreationally trained subjects, yet there was no difference in strength gains among LP, DUP, and WUP. There was also no significance in mean session RPE between groups. All periodization models were effective at improving strength in both genders. In the future, we recommend further studies with extended training duration, as well as research with untrained and athletic populations. Further RPE investigations with recreational lifters may be warranted as well.
PRACTICAL APPLICATIONS
The data from the current study indicate that there is no difference in periodization models among LP, DUP, and WUP over the course of 9 weeks in recreationally trained individuals in eliciting strength gains. All of these models proved effective at improving bench press and leg press strength and are therefore warranted as appropriate training protocols for short-to moderate-term training in recreationally trained individuals. In addition, LP, DUP, and WUP were all successful methods in improving strength in subjects of both genders. Professionals concerned with designing optimal training programs for their clients should be aware that the proper periodization model may be different based on the training status of each particular individual. One prior study (21) reported DUP to be more effective than LP; however, the results of the current study reveal that LP, DUP, and WUP were equally successful in promoting strength gains. It must be remembered that these results do not necessarily apply to more advanced lifters or long-term training.
